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Abstract 
Whole-ecosystem experiments may reach statistical pertinence when reference and treat- 
ment sites are compared. Therefore at least two similar systems must be found. To this aim 
we tried to answer the question if the hyporheic zones of both streams have similar features. 
We postulated that both streams would be unsuitable for a comparison i  an ecosystem ex- 
periment if the structure of their hyporheic invertebrate communities differs significantly. 
Although pH, electrical conductivity and nitrate concentration differed in the surface water, 
variability of all chemical criteria studied in the hyporheic zones was much lower between 
the two streams compared to the variability within each stream. Thus the structure of both 
hyporheic invertebrate communities did not differ significantly. Because of this uniformity 
both streams are regarded to be suitable for a comparison i a whole-ecosystem xperiment. 
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Introduction 
Most large-scale cosystem experiments require treat- 
ment and reference sites (CARPENTER et al. 1989). In the 
case of running waters, it is not always possible to con- 
duct these experiments in two separate reaches of the 
same stream. Interactions between consecutive sections 
cannot be excluded. Hence there is a need to find at least 
two streams, which can be used as treatment and refer- 
ence sites in a pairwise xperiment. Under natural condi- 
tions, the characteristics of two streams are never abso- 
lutely equal. Therefore, as a minimum requirement two 
streams must be found, which are similar with respect to 
their biotic and abiotic features (FAITH et al. 1991). This 
similarity has to be defined. The similarity measure we 
chose was that organisms living in one stream are able to 
live and thrive in the other stream as well. Consequently, 
the differences of environmental conditions hould be 
small compared to the ecological valence of the stream 
living organisms and must not prevent development of
the same invertebrate community in both streams. 
In the present study, we focus on the hyporheic zone 
of two streams that appear to have similar environmental 
conditions. The benthic community structure of streams 
and rivers is affected considerably by the hyporheic 
zone, which consists of the saturated interstices beneath 
the streambed and reaches into the stream banks contain- 
ing some proportion of channel water, or have been al- 
tered by surface water infiltration (WHITE 1993). Further- 
more it acts as refuge for invertebrates during times of 
high discharge (PALMER et al. 1995; LANCASTER & HIL- 
DREW 1993; MATTHAEI et al. 1999), and as a ,,seed bank" 
for the benthic ommunity (ZWlCK 1996). It may also be 
an autonomous habitat for sediment dwelling species and 
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the ecotone between stream and groundwater (FRASER & 
WmLIAM 1998; THOMAS 1997). Benthic invertebrates 
often penetrate far into the hyporheic interstitial spaces 
(for a review see BRUNKE & GONSER 1997). Taking into 
consideration this important role of the hyporheic zone, 
we hypothesize that streams are not comparable with a 
pairwise cosystem experiment, if their hyporheic om- 
munity structure is distinctly different. Furthermore we 
assume that streams with similar characteristics, such as 
type of bedrock, morphometry of the valley, catchment 
area, and discharge, also show a similar abiotic and biot- 
ic structure of the hyporheic zone. The aim of this study 
was to assess the level of similarity of the hyporheic 
zones of two small upland streams. The use of these two 
streams as treatment and reference site in a forthcom- 
ruing whole-ecosystem xperiment is planned. 
Methods 
Study site 
This study was carried out from October 1999 until July 
2000 in two small second order mountain streams, 
Gauernitzbach (GS) and T~innichtgrundbach (TS). Both 
streams drain into the river Elbe about 15 km down- 
stream of Dresden (Saxony, Germany, Fig. 1). The 
streams are close to each other (5 kin) and have very 
similar characteristics in morphometry, water quality, 
flow regime, catchment area and land use. 
The catchment areas of both streams (GS: 400 ha, TS: 
550 ha) are in their upper parts predominated byagricul- 
ture. For the last 2-3 km upstream of their confluence 
with the river Elbe, the streams flow through wooded 
upland valleys (Alnus glutinosa, Fraxinus excelsior, 
Fagus sylvatica, Acer platanoides, Quercus robur). With 
mean discharges of 87 L s 1 in TS and 65 L s -~ in GS, a 
length of 4.6 km (GS) and 5.6 kin (TS) and mean width 
of 1.5-2 m these streams are really small. The only fish 
species occurring in both streams i  Salmo trutta reach- 
Meil~en 
~'~"~,~ km 74 
%%[% km 69 
GS ~, ~ '~%% / '~  Dresden 
ms 
"~ River Elbe 
Fig. 1. Catchment and sampling sites (arrows) of the two investigat- 
ed streams Gauernitzbach (GS) and T~nnichtgrundbach (TS). 
ing high standing stocks (around 50 kg ha 1 in GS and 
58 kg ha -1 in TS, R. RADKE, Institute of Hydrobiology, 
pets. comm.). In the middle section of the valleys both 
streams how natural and similar morphological struc- 
tures. Study sites at both streams (length 300 m) were lo- 
cated in this part of the valley. 
Field survey 
• Faunal sampling 
Freeze coring (modified after KLEMENS 1991) was used 
to determine the animal diversity and densities in Octo- 
ber 1999, February and April 2000. At each sampling 
event wo 30 cm deep freeze cores were pulled out of the 
streambed in both streams (6 freeze cores from each 
stream). A thin layer of sediments, 30-40 cm deep, cov- 
ers the bedrock (mostly gneiss). 
Freeze coring disturbs the sediments and the sam- 
pling procedure may cause flight reactions of the sur- 
rounding fauna. To avoid the influence of the distur- 
bance the second core was taken at least 30 m upstream 
of the first core. The standpipes were exposed in the 
streambed for 3 days before sampling. To prevent benth- 
ic fauna from escape due to the disturbance an Hess- 
sampler.was placed around the standpipe. 15 L of liquid 
nitrogen were poured into the standpipes, which froze the 
sediments o the pipe. Afterwards the core immediately 
was pulled out of the streambed using a tackle. The core 
was divided into 10 cm layers. The volume of each layer 
was estimated by its water displacement. All samples 
were fixed with formaline (2%). The organisms of the 
samples were separated by elutriation (H~6GINS & THIEL 
1988). Because larger invertebrates (>1 ram) could not 
be elutriated quantitatively, these animals were hand- 
picked. The elutriated material (animals and detritus) 
was stored in 70% ethanol and the organisms were 
stained with rose bengal (WmLIAMS & WILLIAMS 1974) 
for a better sorting. The animals were identified to the 
lowest sure taxonomic level (mostly family or genus) 
and their abundances were noted. Dry masses were cal- 
culated from total ength and head width of the animals 
according to MEYER (1989). 
• Physical and chemical parameters 
Interstitial water was sampled monthly during spring to 
summer 2000 with mini-piezometers (modified after 
LEE & CHERRY 1978) in depths of 5, 10, 20 and 30 cm, 
respectively. Each piezometer consisted of a 50 cm long 
plastic tube (inner diameter 10 ram) with a metal tip and 
2 holes for water inflow 2 cm above the tip. The upper 
end of each piezometer was closed with a plug. This pre- 
vented rainwater f om running into the pipe. Underneath 
the plugs small drilled holes allowed pressure compen- 
sation. In both streams 4 piezometers (one for 5, 10, 20 
and 30 cm depth respectively) were inserted into the 
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streambed atan exfiltration site (upwelling water from 
the hyporheic zone to the surface, transition from pool 
into riffle) and at an infiltration site (downwelling water 
from the surface to the hyporheic zone, transition from 
riffle to pool). Sites were chosen by morphological crite- 
ria. To avoid sediment changes that could influence 
physical and chemical parameters freeze coring was per- 
formed at least 30 m downstream. The additional depth 
(5 cm) was chosen, because large changes in the upper 
sediment layer were expected. 
Prior to sampling, the water temperature inside the 
piezometers was measured and water was removed from 
the piezometer with a syringe. This step ensured that he 
water sampled was not older than 24 hours and therefore 
was not altered by standing in the tube. 24 hours later 
this water was sampled for chemical analysis with a 
glass pipe. To estimate the vertical hydraulic gradient, 
according to LEE & CHERRY (1978), the difference in 
head between water standing in the tubes and flowing 
water wase measured. In 10 mL of the water sample pH 
and electrical conductivity were measured (WTW LF 
196, WTW pH 196, Weinheim). For determination f 
dissolved oxygen further 8 mL water were collected 
from the piezometer and immediately preserved with 
MnC12. Finally, the remaining water of each piezometer 
(1-20 mL) was collected and filtered (hand vacuum 
pump, Sartorius cellulose acetat filter, 0.45 ~m). The 
water volume in the piezometers varied for the different 
sampled epths. The recovery of the piezometers was 
very slow. Sometimes the water volume was not suffi- 
cient o perform all chemical analyses, and there are less 
data than for surface. Surface water was handled in the 
same way as interstitial water. The filtered hyporheic 
and surface water samples were stored in an cool-bag for 
transfer to the laboratory and analysed not more than 24 
hours (ammonium, nitrite, nitrate, DOC) or 48 hours 
(oxygen) later. 
Laboratory analysis 
Sediment and surface water was analysed for ammoni- 
um (DIN EN 38406), nitrite (DIN EN 26777), nitrate 
(DIN EN 38404), dissolved organic arbon (as NPOC, 
DOC-Analyser 5000, Shimadzu), calcium (DIN EN 
38406) and dissolved oxygen (LEGLER 1986). After re- 
moving the organisms the sediment layers of the freeze 
core sampling were sorted with sieves of different mesh 
sizes (6.3, 4.0, 2.0, 1.0, 0.63, 0.4, 0.2, 0.1, 0.063 mm) for 
grain size analysis. After sorting, the weight of the dif- 
ferent sizes fractions was measured. Hydraulic onduc- 
tivity of the sediment was estimated according to BEYER 
(1964). From each sediment sample with grain size 
< 2 ram, FPOM (Fine Particulate Organic Matter) was 
estimated by burning sediment samples for 4 hours at 
550 °C and calculating the weight loss. 
Statistical Analysis 
Averages of physical and chemical factors were com- 
pared with the Mann Whitney U-test (( = 0.05). Since 
the variability of environmental conditions may be more 
important for invertebrates than the means, variance de- 
composition was conducted (SACHS 1990). On this ac- 
count coefficients of variation were calculated and vari- 
ance decomposition was carried out as described by 
equation (1) and (2). 
SQg + SQ1 2 (1) -- Smean 
n u + nt -  l 
(S2ot -  S~nean) " 100 
-- a (2) 
S2ot 
Variables: 2 s..... mean variance, SQg sum of squares with- 
in GS, SQI sum of squares within TS, rig, nl number of 
samples in each stream, a percentage oftotal variance, 
caused by the difference between the streams, S2ot otal 
variance. 
Homogeneity ofvariances i a prerequisite for using 
this analysis and was tested with the Levenes test. The 
invertebrate communities of the streams were compared 
by multidimensional scaling at the taxonomic level of 
orders (CLARKE & WARWICK 1994). Data were trans- 
formed (4th root) and Bray-Curtis distances were calcu- 
lated (BRAY & CURTIS 1957). Differences between 
streams were tested with an analysis of similarity 
(ANOSIM test, Software: PRIMER 5.0). 
Results 
Environmental conditions 
The grain sizes and the hydraulic onductivity of both 
stream sediments reached minimum values at a depth of 
10-20 cm (Table 1). The mean hydraulic onductivity of
the streambed ofGS (0.12 _+ 0.07 m h -1) was distinctly 
higher than that of TS (0.06 _+ 0.02 m h-i). The mean 
content of FPOM in GS was higher (2.3 + 1.3%) than in 
TS (2.0 _+ 0.08%). FPOM correlated significantly with 
the percentage of fine sediment (grain size < 1 mm, 
r 2 = 0.124, n = 30, p = 0.007, Fig. 2A). 
The characteristics of the hyporheic water are given 
in Table 2 for both streams. The pH was correlated sig- 
nificantly to vertical hydraulic gradient (VHG, r2= 0.24, 
n = 33, Fig. 2B). The pH decreased with decreasing 
VHG. Therefore xfiltration sites showed lower pH val- 
ues compared to the infiltration sites. The electrical con- 
ductivity showed no correlation with the sediment 
depth, but was significantly correlated to the content of 
calcium ions (r2= 0.28, n -- 35, p < 0.001). No remark- 
able temperature difference between surface and subsur- 
face water (30 cm depth) was found. The mean tempera- 
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ture difference was 0.6 + 0.35 K. In both streams the sur- 
face water was nearly saturated with dissolved oxygen, 
while the subsurface water showed a clear oxygen de- 
crease with increasing depth. In GS the exfiltration site 
showed more distinct oxygen decline compared to the 
infiltration site. In general, the dissolved oxygen decline 
was much more pronounced in TS (Fig. 3). The nitrate 
concentrations in GS exhibited no distinct change with 
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increasing sediment depth. In contrast, the nitrate con- 
centration of intertistial water declined with increasing 
depth in TS (Table 2). The nitrite concentration of sub- 
surface water decreased with increasing depth in both 
streams, but more pronouncedly in TS. This feature is 
consistent with the concomitant lower oxygen concen- 
trations in the interstice water at this site. The subsurface 
DOC level stayed above that of the surface water. The 
Table 1. Sediment characteristics (means -+ S.D. of 6 freeze cores for 
each sampling site) of Gauernitzbach (GS) and T~nnichtgrundbach 
(TS). 
Depth GS TS 
D~o 0-I0 cm 0.4_+0.3 0.4_+0.2 
I0-20 cm 0.4_+0.2 0.3_+0,2 
20-30 cm 0.7 _+ 0,4 0.4 _+ 0,2 
DGo 0-10 cm 34.1-+16.8 17.6-+12.5 
10-20 cm 23.0___11.1 16.5_+16.5 
20-30 cm 37.6 _+ 15.9 23.0 _+ 16.0 
kf 0-10 cm 0.10_+0.07 0.07-+ 0.07 
I0-20 cm 0.07_ 0,05 0.04-+ 0.06 
20-30 cm 0.19_+0.16 0.07_+0.04 
FPOM 0-10 cm 2.9 _+ 2.0 2.0 _+ 0.6 
10-20 cm 1.9 _+ 0.4 2.1 _+ 1.0 
20-30 cm 2.0 _+ 0.3 2.0 _ 0.9 
Abbreviations: Dlo, D6o: Grain diameter in mm at which 10% or 60%, 
respectively of the sediment (in terms of weight) are smaller than the 
value indicates; kf: hydraulic onductivity (m h-0; FPOM: fine particu- 
late organic matter (%). 
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Fig. 2. A: Correlation between percentage of fine grains and FPOM 
(r 2 = 0.124, n = 30, p = 0,007): B: Correlation between vertical hy- 
draulic gradient (VHG) and pH (if= 0.24, n = 33, p < 0.05). Data set 
refers to 3 depth layers in each of the 12 freeze cores of Gauer- 
nitzbach (GS) and T~nnichtgrundbach (TS). 
Table 2. Surface water and interstitial water characteristics (means 
of sampling dates) in Gauernitzbach (GS) and T~nnichtgrundbach 
(TS). 
Depth GS TS 
(cm) exf inf exf inf 
VHG 5 0.5 - I  .7 0.9 -1.1 
10 0.9 -0.7 -0.5 -0.7 
20 -0.1 -0.5 -0.6 -0.5 
30 -0.7 -0.4 0.3 -0.6 
pH 0 8.3 7.8 
5 7.9 8.3 7.2 7.8 
10 7.3 8.7 7.1 7.6 
20 8.0 8.0 7.4 7.7 
30 7.9 7.8 7.6 7.7 
Electrical 0 659 688 
conductivity 5 713 862 707 769 
(pS cm-0 10' 737 1018 658 697 
20 796 790 780 
30 829 534 699 765 
NQ-N 0 7.7 10.8 
(mg L -~) 5 8.0 7.7 11.5 11.3 
10 7.3 7.7 11.7 10.0 
20 7.6 9.1 6.4 9.8 
30 7.0 8.4 9.4 4.2 
NQ-N 0 0.1 0.01 
(mg L -1) 5 0.01 0.01 0.03 0.01 
10 0.02 - 0.02 0.05 
20 0.15 0.05 0.65 0.08 
30 0.19 0.04 0.89 0.16 
NH4+-N 0 0.09 0.09 
(mg L -I) 5 0.19 0.1 0.16 0.27 
10 0.20 0.12 0,12 0.20 
20 0.63 0.18 4.0 0.14 
30 1.3 0.13 2.6 0.74 
DOC 0 3.8 5.5 
(mg L ~) 5 8.6 9.1 9.4 6.5 
10 9.9 5.5 7.4 7.9 
20 13.2 18.2 106.4 14.6 
30 19.1 1.2 32.4 37.5 
Abbreviations: exf: exfiltration site; inf: infiltration site; VHG: vertical 
hydraulic gradient, DOE: dissolved organic carbon. 
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Fig. 3. The oxygen concentrations of surface (0 cm) 
and subsurface (5-30 cm) water taken from exfiltra- 
tion (exf) and infiltration (inf) site of Gauernitzbach 
(GS) and T~nnichtgrundbach (TS). 
oxygen 
coeffi cient of variation 
0.0 0.5 1.0 1.5 2.0 
-10 
-20 
-30 
0.0 
o~ 
-lo [ ]  
-20 
-30 
conductivity 
coefficient of variation 
0.5 1.0 1.5 
i i 
2.0 0.0 
i 
0 i  
-10 
-20 
-30 
DOC 
coefficient of variation 
0.5 1.0 1.5 2.0 
& 
+-~ 
& 
-10 
-20 
-30 
nitrate 
coefficient of variation 
0.0 0.5 1.0 1.5 2.0 0.0 
o 
-10 
I -20 
-30 
pH 
coefficient of variation 
0.0 0.1 0.2 0.3 0.4 0.5 
I 
0U 
U 
-10 
-2o [] 
-30 e 
n i t r i te  
coefficient of variation 
0.5 1.0 1.5 2.0 
i~ll~illIIHiiilil~ ~® 
i 
ammonium 
coefficient of variation 
0.0 0.5 1.0 1.5 2.0 
0 
-10 
-20 
-30 
i . -  between stream var iabi l i ty  
within stream var iabi l i ty  
Fig. 4. The coefficients of variation of environmental conditions of surface (0 cm) and subsurface (5-30 cm) water taken of Gauernitzbach 
(GS) and T~nnichtgrundbach (TS). 
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sampling sites showed different subsurface DOC pat- 
terns (Table 2). The DOC continuously increased with 
increasing depth at the GS exfiltration site and at the TS 
infiltration site. The other two sites showed a maximum 
at a depth of 20 cm. Furthermore the variability of the 
DOC concentration i creased with increasing sediment 
depth (SD in TS 3.6 mg L -1 at 5 cm, 17.5 mg L -1 at 
30 cm; in GS 2.2 mg L -1, 11.5 mg L -I respectively). 
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Comparison of the environmental conditions 
Differences between the two streams are apparent espe- 
cially in the surface water. The pH value of GS surface 
water was significantly higher than that of TS (p < 0.01, 
n -- 93). The electrical conductivity and nitrate concen- 
tration of the TS surface water were significantly higher 
than those of GS (conductivity: p < 0.05, n = 87; nitrate: 
TS 
GS 
[~+rB:{@N+@~+¢V%I@I+N!BI:+@~/~I+I/I '~ 1000 
8 lOO 
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% total abundance % grains <hnm 
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" . " 
Fig. 5. A: Percentage of total invertebrate abun- 
dance in the hyporheic zone of both streams for dif- 
ferent depths. Grey bars: 0-10 cm; white bars: 
10-20 cm; black bars: 20-30 cm. B: Correlation be- 
tween total abundance and percentage of fine 
grains in the upper 10 cm of the sediment 
(¢= 0.37, n = 12, p = 0.048). 
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Fig. 6. Ratio of predominate orders on total abun- 
dance (above) and biomass (below)in Gauer- 
nitzbach (GS) and T~nnichtgrundbach (TS), Black 
bars: 0-10 cm; light grey bars: 10-20 cm; dark grey 
bars: 20-30 cm. 
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Fig. 7. Nonmetric multidimensional scaling (MDS) 
for abundances in the upper sediment layer 
grouped in sampling sites (A) and seasons (B, 
stress = 0.11) for Gauernitzbach (GS) and T~nnicht- 
grundbach (TS). Distance between points corre- 
sponds to the differences of community structure 
between these samples. As an nonmetrical ordina- 
tion MDS does not require dimensional axes. 
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p < 0.05, n = 51). Additionally to the between-stream 
variability there is a within-stream variability that is 
caused by the seasonal and small-scale spatial hetero- 
geneity within each stream. To compare these variabili- 
ties, the variance decomposition was conducted. It splits 
the total variability of the measured ata into within- 
stream and between-stream variability. In all cases the 
within-stream variability was higher than the between- 
stream variability (Fig. 4), 
Table 3. Macrozoobenthic taxa found in Gauernitzbach (GS) and 
Tgnnichtgrundbach (TS). The abundance of these species generate 
the basis of the MDS similarity matrix. 
GS TS 
Nematoda Nematoda indet, x x 
Tricladida Dugesb gonocephala x x 
Gastropoda Ancylus fluviatilis x x 
Bivalvia Pisidium sp. x x 
Ostracoda Ostracoda indet, x x 
Cypridae x 
Amphipoda Gammarus pulex x x 
dammarus fossarum x 
Ephemeroptera Ephemera danica x x 
Baetis sp. x x 
Ecdyonurus p. x 
Electrogena sp, x x 
Rhithrogena semico/orata x x 
Plecoptera Leuctra sp. x x 
Isoperla sp, x 
Nemoura sp. x x 
Protonemura sp. x x 
Nemurella picteti x 
Capnb bifrons x x 
Coleoptera He~odes p. x x 
Trichoptera 5ericostoma sp. x 
Rhyacophila torrentum x x 
Hydropsyche instabilis x x 
Lepidostoma sp. x x 
Limnephilidae indet, x x 
Anitella obscurata x 
Agapetus sp. x 
Chaetopterix sp. x 
P/ectrocnemia conspersa x 
Potamophylax rotund~pennis x 
Diptera Ceratopogonidea indet, x x 
Chironomidae indet, x x 
Tabanidae indet, x 
Limoniidae indet, x x 
Pedica sp. x 
Molophilus sp. x 
Ptychopteridae indet, x x 
Psychodidae indet, x 
Psychoda sp. x 
5imulium sp. x x 
Pixa sp. x x 
Hyporheic community 
In both streams, maximum densities and biomasses of 
most aquatic invertebrate axa were found in 0-10 cm 
depth of the streambed (60-85% of total abundances, 
Fig. 5A). But Nematoda nd Oligochaeta reached their 
maximum density in 20-30 cm depth. All taxa found in 
the hyporheic zone are listed in Table 3. We never found 
any stygobionts. Insects and crustaceans dominated the 
invertebrate communities of both streams. Diptera and 
Plecoptera reached high abundances in the interstices of 
the upper sediment layer and reached nearly 80% of total 
abundances in GS and more than 80% in TS. Amphipo- 
da and Diptera reached maximum biomasses (33% in 
GS, 40% in TS, Fig. 6) in the upper 10 cm of the sedi- 
ment. In the deeper substratum Oligochaeta nd Nema- 
toda dominated. 
The total abundances and biomasses of invertebrates 
showed high seasonal variability in both streams. Mean 
dry mass in the upper layer was 53 mg m -2 in GS and 
266 mg m 2in TS. A maximum value of 1350 mg m -2 
was found in TS, but there was also one sample that 
lacked macroinvertebrates. Dry masses in the upper 
layer were low in late autumn (17 mg m -2) and higher in 
winter (380 mg m -2) and spring (83 mg m-2). The aver- 
age total abundances of invertebrates under 1 m 2 were 
found to be 23 400 in GS and 63 100 in TS. Total inver- 
tebrate abundance increased significantly with increas- 
ing percentage of fine grains in the sediment (r 2 = 0.34, 
n = 12, p = 0.048, Fig. 5B). 
Comparison of the communities 
The structure of the invertebrate communities in the two 
streams was compared by multidimensional scaling 
(MDS, Fig. 7). Every point represents one freeze core. 
The distance between two points corresponds to the dif- 
ference of community structure between these two sam- 
ples. Thus the points being close to each other show high 
similarities between communities or clusters while larg- 
er distances indicate more different species composi- 
tions. With ANOSIM it was tested, whether the differ- 
ences between a priori defined groups of samples are 
significant (p < 0.05) or not. We found no significant dif- 
ferences between the streams (p = 0.8). The differences 
between seasons were also not significant, but more pro- 
nounced (p = 0.17 to 0.06) than between sites. Thus the 
differences between the streams eem to be much small- 
er than the seasonal variability of species composition 
within each stream. 
Discussion 
The biotic and abiotic interactions between hyporheic 
zone and surface water are important in structuring the 
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hyporheic and benthic ommunity (HENDRICKS & WHITE 
1995; DOLE-OLIVIER 1998; BRUNKE & GONSER 1997). 
The intensity of these interactions is mainly determined 
by the sediment characteristics. Especially the size and 
shape of grains are of great ecological importance. They 
determine the porosity and hydraulic onductivity ofthe 
sediment. For organisms, porosity means pace and re- 
sources delivered by inflowing water. In small grain size 
classes interstitial pores are small and badly connected 
but contain the majority of organic matter (BRETSCHKO 
1994). Large amounts of fine sediment may cause col- 
matiorl - clogging the top layer of the sediment - and 
thereby reduction of porosity and declining water ex- 
change between surface and subsurface water (BRUNKE 
& GONSER 1997; B~UNKE 1999). In this study the poros- 
ity was not measured directly, but was it is related to the 
content of fine grains. Recent studies have shown that a 
proportion of approximately 30% of fine sediment 
(grain size < lmm) results in a porosity becoming 
almost zero (MARIDET et al. 1996). 
In GS and TS the ratio of fine sediment was variable 
during the sampling period, between the different sites 
and depths. It ranged from 10 to 30%. Porosity therefore 
should be very low at some places of the streambed and 
might limit the colonization at these sites. In contrast, 
the correlation between total abundance and percentage 
of fine sediment measured in this study was positive. As 
a consequence, more invertebrates live at spots with 
high amounts of fine sediment compared to sites with 
lower portions of fine sediment. We also found that the 
fine sediments contained the main part of organic matter 
(see Fig. 2A). Hence, invertebrates u e the better supply 
of organic material and seem to tolerate lower sediment 
porosity with its negative consequences. 
Temperature and other measured chemical and physi- 
cal environmental f ctors howed no sudden decrease or 
increase at a certain depth, which would have indicated 
an impact of groundwater. Additionally, we did not find 
any stygobionts down to the sampled epth of 30 cm. 
Therefore we suggest that he hyporheic interstitial of the 
two streams is not closely connected to groundwater 
nearby, but is limited by the parent rock. Because of the 
missing connection togroundwater the hyporheic zone in 
these streams is not an ecotone connecting surface and 
subsurface water. Additionally it is no autonomous 
ecosystem because no stygobiont community was found. 
We exclusively found a lot of early larval stages of benth- 
ic invertebrates in deeper layers (20-30 cm depth). 
Therefore, the hyporheic zone of these streams is regard- 
ed as a refuge for small arvae of benthic invertebrates. 
Subsurface water characteristics of both streams cor- 
responded to the sediment characteristics and to pub- 
lished data of other streams, pH in hyporheic water was 
lower compared to the surface water. This result is con- 
sistent with published ata (BRUNKE & GONSER 1997). 
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Dissolved oxygen is a key factor for the metabolism of
the sediment fauna (WARD et al. 1998). The dissolved 
oxygen concentrations depend on community respira- 
tion, exchange and residence time of the water in the sed- 
iment (WARD et al. 1998; BRUNKE & GONSER 1997). In 
both streams dissolved oxygen concentrations > 2mg L -~ 
were found down to a depth of 20-30 cm. This was much 
less than was recorded in alpine streams, where the sedi- 
ment water in 1 m depth remains nearly oxygen-saturat- 
ed (BRETSCHKO 1981). The measured oxygen concentra- 
tions of the investigated streams were similar to that 
found in some sandy lowland streams [WmTMANN & 
CLARK (1982): 14  mg L -~ at 30 cm depth; BUDDENS~EK 
et al. (1990): 2 mg L -~ at 30 cm depth]. On the other 
hand, much higher dissolved oxygen contents were 
found in the interstitial water of some sandy streams or 
slowly-flowing rivers [Rh6ne River 4-8 mg L -1 at 50 cm 
depth, PLI~NET et al. (1996); Wieslauter 8 mg L -1 at 1 m 
depth, HAHN & PREUSS (1996)]. Especially the latter ob- 
viously shows high oxygen values, despite the high ratio 
of fine sediment (never below 20%). When GS and TS 
are grouped to subalpine mountain streams (OTTO & 
BRAUKMANN 1983) their oxygen supply is lower than ex- 
pected. We assume that this could be due to the high 
amount of fine sediments and the high input of organics 
and nutrients (in both catchments agriculture predomi- 
nates). Stygofauna generally is well adapted to environ- 
mental anaerobiosis (HERVANT et al. 1995). In contrast to 
this, in the two investigated streams benthos organisms 
and not organisms of the stygofauna dominate. We as- 
sume that he low dissolved oxygen concentrations i  the 
hyporheic zone may cause problems, especially for sen- 
sitive stages of benthos organisms. Intensive nitrogen 
turnover was found in the heterogeneous hyporheic zone 
particularly at the aerobic/anaerobic interfaces (BRUNKE 
& GONSER 1997). In hypoxic areas, nitrate can be re- 
duced to the more toxic nitrite (KooP & GRIESHABER 
2000). In fact nitrite concentrations up to 2.3 mg N L -~ in 
20-30 cm depth were measured inthe interstitial water of 
the investigated streams. This range of nitrite concentra- 
tion may already be toxic for some aquatic invertebrates 
(STIEF & NEUMANN 1998). This problem of nitrite toxici- 
ty occurs in both streams and probably participates in
structuring the communities. 
Total abundances varied during the sampling period, 
between the sampled sites and the different depths of the 
streambed. This is probably caused by the high variabili- 
ty of environmental f ctors and has been recorded in nu- 
merous tudies of the hyporheic ommunity (GoDBOUT 
& HYNES 1982; BRETSCHKO 1981; PLENET et al. 1996; 
STRAYER et al. 1997). Furthermore, the high variability 
in abundances and some differences in species composi- 
tion between the two streams may be an effect of the rel- 
atively low sampling frequency (6 freeze cores from 
each stream). 
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The mean abundances of invertebrates under 1 m 2 
were found to be 23 400 in GS and 63 100 in TS (n = 6). 
The difference between the means of the two streams, 
however, is caused by only one sample. In February the 
10-fold value of the usual total abundance was measured 
in a riffle of TS, caused by high numbers of very small 
Plecoptera larvae, which were found in the upper sedi- 
ment layer (0-10 cm). In general, TS showed slightly 
higher abundances of benthic invertebrates than GS. 
Our aim was to compare basic features of the hyporhe- 
ic zone of two streams and to test the hypothesis that 
streams with similar hydrological, morphological and 
geological characteristics have similar hyporheic zones 
in respect o abiotic and biotic characteristics. Although 
the hydrological, morphological nd geological charac- 
teristics of the two streams were similar, we found signif- 
icant differences in pH, electrical conductivity, and ni- 
trate concentrations in surface water. But these statisti- 
cally significant differences may not necessarily lead to 
ecologically significant differences. This is shown by the 
comparison of within-stream and between-stream vari- 
ability of these environmental factors. The within-stream 
variability of all tested environmental factors was higher 
than the between-stream variability (see Fig. 4). There- 
fore the environmental factors differ more during the an- 
nual cycle and between single habitats than between the 
two streams. Based on these results, we conclude that or- 
ganisms living in one of the two streams tolerate the high 
within-stream variability of the abiotic conditions and, 
therefore, should be able to tolerate the smaller differ- 
ences between the streams as well. The results of the 
MDS (see Fig. 7) support his conclusion. Since the natu- 
ral differences in environmental conditions did not lead 
to different community structures, we conclude that it is 
possible to use these streams as treatment and reference 
in a forthcoming paired whole-ecosystem experiment. 
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